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Increased dietary saturated fat intake can lead to detrimental effects on human health. In this issue of Cell
Metabolism, Lichtenstein et al. (2010) show that by inhibiting lipoprotein lipase (LPL) activity in mesenteric
lymph nodes, Angiopoietin-like protein 4 (Angptl4) protects resident macrophages from dietary saturated
fatty acid (SFA)-induced inflammation.Insulin resistance is the central metabolic
abnormality in type 2 diabetes mellitus,
and obesity is the most common etiologic
cause of insulin resistance. Consequently,
it is the epidemic of obesity that is driving
the subsequent epidemic of type 2 dia-
betes mellitus. It is known that obesity-
mediated chronic tissue inflammation can
cause insulin resistance, with tissue
macrophages, particularly adipose tissue
macrophages, acting as key effector cells
(Olefsky and Glass, 2010). Diets rich in
saturated fats are associated with an
increased prevalence of obesity and type
2 diabetes. Dietary SFAs are incorporated
into intestinally derived chylomicrons,Lipid laden 
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Figure 1. Angptl4 Plays a Crucial Role in Preventing Fat-Induced
Inflammation Elicited by Dietary Saturated Fat
Dietary saturated fats are incorporated into intestinally derived chylomicrons
which enter the lymphatic system before reaching the systemic circulation.
Angptl4 inhibits LPL activity, thus protecting mesenteric lymph node macro-
phages from excessive exposure to the proinflammatory effects of dietary
SFAs. GPIHBP1 stabilizes LPL, inhibiting the effects of Angptl4, and is only
weakly expressed in MLNs compared to systemic sites.which are secreted into the
lymphatic circulation before
entering the bloodstream
(Figure 1). Dietary SFAs can
be presented to cells in the
form of circulating free fatty
acids (FFAs) or FAs hydro-
lyzed by LPL from chylomi-
crons or VLDL. SFAs are
powerful proinflammatory
nutrients that can trigger acti-
vation of intracellular inflam-
matory pathways in innate
immune cells, such as
macrophages, as well as in
the main insulin target cells,
adipocytes, myocytes, and
hepatocytes. Angptl4 is an
endogenous inhibitor of LPL
activity and retards the clear-
ance of triglyceride (TG)-rich
lipoproteins from plasma and
attenuates the delivery of lipo-
protein-derived FAs to tissues
(Kersten et al., 2000; Yoshida
et al., 2002; Sukonina et al.,
2006). In this issue, Lichten-
stein et al. shed new light on
the connections between FAsand inflammation, showing that Angptl4
KO mice exhibit extraordinary inflamma-
tory responses to dietary SFAs due to the
unopposed LPL activity (Lichtenstein
et al., 2010). This illustrates an important
protective role ofAngptl4 inpreventingdie-
tary SFA-induced inflammation.
In this study, the authors found that
feeding a diet rich in saturated fat to
mice lacking Angptl4 induces a severe
and lethal phenotype, characterized by
chylous ascites, fibrinopurulent peritonitis,
intestinal fibrosis, and cachexia. Before
the onset of the full syndrome, Angptl4
KOmice showed signs of systemic inflam-
mation. Chronic high-fat diet (HFD)Cell Metabolism 12,feeding is known to induce adipose tissue
inflammation, characterized by increased
adipose tissuemacrophage (ATM)content
(Weisberg et al., 2003; Xu et al., 2003).
However, ATM accumulation in Angptl4
KO mice was not increased compared to
HFD-fed WT mice, indicating that the
systemic inflammation must come from
another source. The authors noted dra-
matically inflamed mesenteric lymph no-
des (MLNs) in the Angptl4 KO mice, and
feeding a diet rich in saturated fat caused
enhanced SFA exposure of the MLN-resi-
dent macrophages, triggering foam cell
formation and robust inflammatory
responses. Importantly, the phenotypeDecember 1they observed was elicited
only by saturated fat (palm oil
or lard)-based diets and not
by polyunsaturated fat-based
HFDsor low-fat diets (Lichten-
stein et al., 2010). This latest
finding fits well with recent
literature showing that SFAs
are responsible for the proin-
flammatory effects of dietary
saturated fat (van Dijk et al.,
2009). They conclude that
Angptl4 plays an important
role in protectingMLNmacro-
phages fromtheproinflamma-
tory effects of dietary SFAs.
Thismaybe relevant to human
physiology, since loss of func-
tion human polymorphisms in
the Angptl4 gene have been
reported, and these subjects
exhibit reduced plasma TG
levels (Romeo et al., 2007).
Since MLNs are directly
exposed to the lymphatic
circulation from the GI tract,
they are also exposed to
extremely high concentra-
tions of TG-rich dietary, 2010 ª2010 Elsevier Inc. 553
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Previewschylomicrons. Macrophages express
particularly high levels of LPL, which
would increase production of proinflam-
matory SFAs from chylomicron hydro-
lysis. Angptl4 is the endogenous inhibitor
of macrophage LPL activity and is nor-
mally induced by chylomicron-derived
fatty acids (Sukonina et al., 2006; Man-
dard et al., 2006). Lichtenstein et al.
(2010) propose that this creates a homeo-
static negative feedback mechanism,
protecting MLN macrophages from
excessive postprandial SFA stimulation
(Lichtenstein et al., 2010). This is particu-
larly relevant to MLN macrophages, since
another protein, GPIHBP1, normally
stabilizes endothelium-bound LPL, pro-
tecting it from the inhibitory effects of
Angptl4 (Lichtenstein and Kersten, 2010).
GPIHBP1 is minimally expressed in
macrophages, so the ability of Angptl4 to
inhibit LPL becomes dominant in this cell
type. Taken together, the authors propose
that macrophage-derived Angptl4 has au-
tocrine/paracrine effects and protects
MLN macrophages from excessive expo-
sure to dietary SFAs by inhibiting LPL-
mediated hydrolysis of lymphatic fluid
chylomicrons which circulate through
these lymph nodes. Thus, genetic deletion
of Angptl4 results in massive exposure of
MLN macrophages to the proinflamma-
tory effects of dietary-derived SFAs.
In in vitro experiments, they exposed
various macrophage cell types to chyle
(a stable emulsion of chylomicrons) and
demonstrated marked activation of ER
stress pathways, comparable to the
effects of known ER stress inducers thap-
sigargen and tunicamycin. This chyle-
mediated activation of ER stress was
completely abolished by addition of re-554 Cell Metabolism 12, December 1, 2010 ªcombinant Angptl4, implying that SFAs
activate MLN inflammatory pathways, at
least in part, by activating the ER stress
system (Lichtenstein et al., 2010).
While the results from this study indi-
cate that Angptl4 serves an important
role in protecting MLN macrophages
from excessive exposure to dietary SFA
in mice, the relevance of this system to
the chronic macrophage-mediated tissue
inflammatory state seen in obesity
remains unclear. In obesity, the inflamma-
tory state seems to predominantly reside
in adipose tissue and liver, whereas the
Angptl4 KO phenotype was quite fulmi-
nent in MLNs leading to the ascites,
endotoxemia, and mortality, and not
particularly obvious in adipose tissue or
liver. The authors propose that the SFA-
induced inflammation operates through
activation of ER stress pathways. With
HFD feeding, the concentration of chylo-
microns in the lymphatic fluid bathing
MLNs is very high, and with unopposed
LPL activity, it is likely the delivery of
SFA to MLN macrophages is consider-
ably greater than the levels presented to
ATMs, hepatic Kupffer cells, or somatic
cells, even in obesity and diabetes.
Thus, it will be necessary to determine
whether the SFA concentrations encoun-
tered in the usual states of obesity/
diabetes are sufficient to activate ER
stress pathways in vivo. Finally, to deci-
pher the role of Angptl4 in macrophages,
it will be necessary to study macro-
phage-specific KO and/or transgenic
mice challenged with a high SFA diet.
These insights into the role of Angptl4 in
the context of chronically elevated dietary
fat intake show the important protective
function of Angptl4 in preventing dietary2010 Elsevier Inc.SFA-induced inflammation. These studies
illustrate how lipotoxicity can couple with
inflammation to further augment the detri-
mental effects of high fat intake and could
help guide the development of new phar-
macological approaches to dyslipidemia
and chronic inflammation.REFERENCES
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